24 6 Vol.24 No.6
2009 6 Journal of Aerospace Power Jun. 2009

:1000- 8055(2009) 061219 10

X B, TILE, @Bk
( , 210016)

’ ’

( Carbuncle)

: V211 3 : A

Study on the abnormity of the axial-symmetric boundary in
simulation of shock induced combustion

LIU Chen, WANG Jiangfeng,~WU Yrzhao

(College of Aerospace Engineering;

Nanjing University of Aeronautics_and A strenautics, N anjing 210016, China)

Abstract:~ T he abnormity of the axiabsymm etrie-boundary in simulation of shock in-
duced combustion was discussed. Practice-has shown that the abnormity ( distortion of com-
bustion front) may appear near the axis when the velocity was below the detonative speed.
Four key factors, \such as the solution method of the boundary, numerical scheme, chemical
reaction model and mesh were analyzed. It is shown that all factors can cause the abnormity,
but the numerical scheme should be the most fundamental one. The abnormity may be simi-
lar to the ‘ carbuncle’ problem. Some reasonable measures are proposed, and numerical re-

sults show the availability of these proposals.

Key words: shock-induced combustion; axial symmetry; boundary conditions; abnormity

[ 5]

Lehr 70
[6]
R r= 7 5mm, : T=
s 286K, p= 42662Pa, H2/ Air
, 2H2+ O2+ 3 76Nz, 403 m/ s,
Di= 2055m/s. ,
: 2008 06 04; : 2008 08 12
(90716013)

(1982- ),



1220 24

V< D, - 0.005-
- 5 V> D, r
3 0.004iL
[
0.003
£ i
, o.oozE
250 K, 42 662 Pa, i
4 5126, 2H2+ 02+ 3. T6N2. 0.001
: i
’ 0010 -0009 0008 0007 0,006
R Euler X/m
[F5]
. 2 H,
) Fig.2 Density contour of H,
2 2
H: s 1
, 11
Euler R
2 oF_9G_, _
0t ot ay+ H=S
0 ;F,G
s H )
XL Y
Q = [ply A 95 Sty p]VS; pu: Q}y et]T
S= [, .., s, 0,0,0/"
P i .P= D QNS
sU, U et
,et= Zghi— p+ %gu2+ 1)2), hi
i ip ;@ i
[}
@  ChemKin . R
Shangm 7 7
12

5  RungeKutta

[8]

1

Fig.1 Sketch of field configuration and experimental .
shadow graph . O



1221

6
Vene 0@ 69/@_ P=FRw=0 vo= v, p,=p
= 0 an -
0,n . .
Fsym center = (0, p, 0,0j B
2
4 p p
’ u —Uu
—
) v
21
P P
3
. Fig.3 Sketch of the field on the axis
’ . ’ 2) AUSM +
Riemann . AUSM +
Maitat
211 N
Maé—a—;(pu] Ui+ plL
’ F:
Ma%a%(@] UR
Ma%a%(FHj L/R
N ur= 0 Ma;— p% ,
Fyi'= (0,p,0,0)".
MaL = 0 pL= p[L(Ma+ 1]2(2— Maj]
212 2 > Py 2
o . O
B L 2 _ i|
Riemann ) . Fomavsus = p|: 2(Ma+ 1] (2 Maj
; 0
) 0
: = T U= 4 Jameson AUSM +
2 3 2
u , 0
( Riemann ’ '
)
R=0P w=uve=v,pL=p Jameson
B=0 ur=-u, vr= v, pg=p
Jameson AUSM +
AUSM +
1) Jameson 5

n= (0,-1).
’ Euler



1222 24

2.0 - s
1.8 E ,
L6F )
H14F
it r ’
S 12F 3
B’ CE ! ’
oy 1.OF p
= y 6 AUSM+
= 0.8F &
o6k 7 Jameson H:
sl J e AUSM+
04F 7
02F , )
i P 0.005 —
C o N W 1 I I ) O | M | -
=10 -0.5 0 0.5 1.0 B
% 0] By Ak C
0.004 -
B4 gl 5008 30k B A 45 A8 1 il 26 L
Fig.4 Momentum flux versus Mach number L
0.003 E
g
= L
, 0.002
Iy [
" | 0.001 -
— — - r
R P x oL (O N T M
N ‘," -0.010  -0.009 -0.008, -0.007 -0.006
‘\\ z 7 X/m
0.005¢
65 s R R oTR R .
M5 xR AR —
Fig.5 Sketch of thecell on the axisymmetrie.boundary i
2, Lff ) ;
£ . . — _ 0.003 —
ot + 5 Fen+ G*n)dl="S-—H £ r
I = [
o) ‘s ne, Ny 0.002f
Euler s r
0.001 -
10 0 0 Pun i
2 oL e 0y e B e
QQ+ 1 J’ 0 ne = ny O | Pua+ p dl+ -0.010  -0.009  -0.008 ~0.007  -0.006
at Qa[_sym 0 Ny Nx 0 pUtan s
00 0 1 Phun 6 (AUSM + )
0 Fig. 6 Directly assignment and pseudo cell
0 (AUSM + scheme)
= S-H
- p sym
22
0
Jameson Van Leer
ur= u®*nmn+ v*n, vt =— u*n+ vV° n.
" ’ g AUSM + Roe . 6~
s v
P 9 4
N P sym v H,
5
,Jameson
’ ’ Van Leer
’ pom ’ ; Roe



1223

0.005— 0.005
r
L
0.004 | 0.004
i
0.003 t 0.003
g
=t E
3 =
0.002 t 0.002
[
0.001 - 0.001
oL 0 il . L T |
-0.010 4 -0.008 -0.007 —0.006 -0.010 -0.009 -0.008 —0.007 -0.006
X/m X/m
7 EEERE Y A T ¥ (Jameson #5350
Fig. 7 Directly assignment and pseudo-cell (Jameson scheme)
0.005 0.005
L !
0.004 - 0.004
0.003 - 0.00¥
E £ L
g L & B
= L L
0.002 - 0.002 F
L L
0.001 |- 0.001=
ol i AN s | NA T | [ g PSR | P,
-0.010 -0.089 -0:008 1 -0.007 0006 -0.010  -0.009 -0.008 -0.007 -0.006
Xim X/m
8 HEEEWRE N LMy HRITH % (Van Leer #530)
Fig. 8 Directly assignment and pseudo-cell (Van Leer scheme)
0.005 0.005 —
[ [
0.004 [f 0.004 |-
0.003 0.003 |-
8 gt
F = 3
0.002 0.002 -
0.001 f 0.001 |-
oL | i 1 W
-0.010  —0.009 -0.008 -0.007 -0.006 -0.010 -0.009 -0.008 —-0.007 -0.006
X/m Xm

B9 EHEWRE % BT % (Roe 420

Fig.9 Directly assignment and pseudo-cell (Roe scheme)



1224 24
R ;AUSM + "
Shang  Wilson
, Jameson Van Leer , Jachimowski
: Roe
AUSM + Jachim ow ski
2 2
s Jameson
s Jameson Van Leer Jachimowski 11
H> ) , Jameson
2 3 Van Leer
3 /
0.005
2
s Van Leer .3 .
- o 0.004
Shang "' 7 7 Wilson' ™ 13
32 Jachimowski' 13 33
0.003
8 Shang H- c '
=
s 10
0.002
0.005
/ 0.001
0.004 il | . |
-0.010 _~-0.009 -0.008 -0.007  -0.006
X/m
0.003
E 11 Jachimow ski (Jameson )
szl IF Fig. 11  Jachimoski mechanism (Jameson scheme)
24
0.001 |
20
j @) Roe
" I Il | I, J
-0.010 —0w009 -0.008 -0.007 —0.006 (Carbuncle,
X/m ) ?
0.005
0.004 —
I ( A )
0.003 -
_ ( B ). 13 AUSM +
g L
=~ { g H-
0.002 - &/
[11]
0.001
i i ,
e |
-0.010  -0.009 -0.008 —-0.007 —0.006 .
X/m
AUSMPW +
10 Wilson Jachimow ski A , 1. 05
Fig. 1 ilson ¢ achi ki hani -5
ig. 10 Wilson and Jachimowski mechanism 80 , 8x 107° m;




1225

6
0,0()50;— ////// _/ // /;// .7, A 0.0050¢ /////// /////// ////7/ ////// ///// //// //// ///////
: il -
ooo40f [l //////////%/////////////////// Tl 0.0040F L7
SOl SNl il
; il SN o
ooosst [l 0.0035f it/
TR e . : [l
] 2 it
o) , soof HRLL
F - e O
s - I T
0.0010}- i 0.0010F %Wm%%%%%ﬁ%%ﬂ
E i E o
00005 :_ ﬂ“mIImﬂﬂm"Hmmms’!ﬁi!ﬁ" ,‘}lllll (T 00005; m"l”””f""””"lllmlllll" i ”' 1’:".,’;”’
SO 10 0 U e e - -

0
—0.0105 —0.0095 —0.0085 —0.0075 —0.0065 —0.0055
X/m

Y/m

50,57,58 60

2

16
AUSM+

—(9.0105 —0.0095 —0.0085 —0.0075 —0.0065 —0.0055

B12 A M#gA B AR EE
Fig. 12 Sketch of A grid and B grid

14 ~ 15
57
58 )
1. 7676.
50
s AUSM +
AUSMPW +

0.005

0.004

AUSM +

90 ,

10°,45%x 10°

X/m

1

(O |

5% 10° m

1. 543,

—0.007

42 x

—0.006

17, 18

10°,4 4 x

45 x

2.0



1226 24
AUSMPW+ AUSM+ , Van Leer
, AUSM PW +
,AUSM + 0.005
0.004 |
3
, [ 12] AUSMPW + i
. 0.003 F
s < A
, AUSMPW + 19(a) 0.002 F
50 8x 10" m i
) 0.001 L:—
3 19(b) 1
90 1x10° m oL ! ol g 4.
—0.010 —0.009 —0.008 —0.007 —0.006
, , AUSMPW + X/m
0.005 s
H L
H
0.004 - 2004
003k
0.003 Sd
~-Ev - -
£ - i
- ~ 0002+
0.002 N ~ L)
..... ~—_ ~——T
0.0014
0.001 00 -
.. — :
- ~ o Lo | T N ¢ DN (e
0 - o ] > “%.010 —0.009 —0.008 —0.007 —0.006
—0.010 —0.009\ —0.00§ —0.007 —0.006 X/m
X/m
0.005 B 15 i 58 1 60 AN A% T
l Fig. 15 fifty-eight and sixty cells along the axis
0.004 |-
r 0.005 -
0.003 t
S | 0.004
0.002 + F
0.003
0.001 - c I
| = r
L 0.002 -
0 ) . o R i
—0.010 —0.009 —0.008 —0.007 —0.006
X/m ]
0.001
50 57
Fig. 14  Fifty and fifty seven cells along t he axis 0 l . TR
—0.010 —0.009 —0.008 —0.007 —0.006
X/m
Van Leer AUSM + B
Bl 16 i 50 AR BT (AUSM 45 20

Fig. 16

Fifty cells along the axis (AUSM++ scheme)



1227

0.005 0.005
=
0.004 F 0.004
0.003 L— 0.003
g i
S £
0.002 0.002
0.001 - 0.001 /
i - % O 0 .;3'./\1‘4,,.|,.‘.l
8010 —0009 —0008 —0007 —0006 —0.010 —0.009 —0.008 —0.007 —0.006
X/m X/m
B 17 RERE4.2X10°mM4.4X10° m
Fig. 17 1In radial direction 4. 2X107° m and 4. 4X107° m
0.005 - 0.005 -
0.004 |- 0.004 -
0.003 |- 0.004 |
= g £ L
= - % g
0.002 |- 0.002 F
0.001 |- 0.00T
Py — N N L ]
—0.010 —0.009, —0.008 -50.007 —0.006 D510 —0009 —0.008 —0.007 —0006
X/m X/m
B 18 BmREE4.5X10° mM5X10° m
Fig. 18 In radial direction 4. 5X107° m and 5X107° m
0.005 - 0.005 -
| |
0.004 |- 0.004
[ [
0.003 F 0.003 -
L £ L
& I S r
0.002 |- 0.002 |-
i i
0.001 F 0.001 |-
0' { 2 ST WA I | 0‘ W,
—0.010 —0.009 —0.008 —0.007 —0.006 —0.010 —0.009 —0.008 —0.007 —0.006
X/m X/m

B19 I 50 ANETE, AR 8X107° m LA K Wi 90 AN AT, 4216 1X107° m
Fig. 19 Fifty cells along the axis, 8 X107° m in radial direction and ninety cells along the axis,

1X10° m in radial direction



1228

24

s Jameson, Van Leer, AUSM + ,

AUSMPW+

[ 1]

[2]

3)
,  Shang
4)

Wilson ;

Yungster S, EberhardtS, Bruckner A P. Numerical simc
lation of hypervelocity projectiles in detonable gases[-J].
ATAA Journal, 1991, 29(2): 187-199
R R . H%/ 0,
[J]. ,1994,015(2) : 14 23

ZHANG Hanxin, CHEN Jianqiang, GAO Shuchun. Nuw
merical simulation of supersonic nonequibrium flows for
1994,

H2/ 02 combustions{J]. Journal of Astronautics,

15(2): 14 23 (in Chirese)

[3]

[4]

[16]

[11]

[12]

Hof Air (.
,2003, 24(1): 6770

LIU Jun. Numerical study on chemical mechanism in sur
personic H/ Air mixture gas flow[ J]. Journal of Propuk
sion T echnology, 2003,24(1):67-70 (in Chinese)
WU Yingchuan, WANG Lan, LE Jialing. A parallel, inr
plicit, unstructured Euler/ Navier Stokes solver for super
sonic reacting flow [ C]// East West High Speed Flow
Field Conference 2005 Beijing: [s.n.], 2005:97 103
WANG Jiangfeng, WU Yizhao. Parallelized upwind flux
splitting scheme for supersonic reacting flows on unstruc
tured hybrid meshes[J]. Transactions of Nanjing Univer
sity of Aeronautics and Astronautics, 2007, 24 (3):
218224
Lehr H F. Experiments on shockinduced combustion[ J].
Astronautica Acta, 1972, 17(4):589 597
Shang H M, Chen Y S, Liaw P, et al. Investigation of
chemical kinetics integration algorithms for reacting flows
[R]. AIAA-19950806
Vos ] B, LeylandP, Kemenade V.V, et al. NSMB hand
book 4 5[M].
1999: 70-71.

Stock holm: Dept., of Aeronautics KTH,

Wilson G J, MacCormack R W. Modeling supersonic conr
bustion-using a fully implicit numerical method[J]. ATAA
Journal, 1992, 30(4): 1008 1015

Jachimowski C J. An analysis study of the hydrogerrair
reactionniechanism with application to scramjet combus
tion[ R]. Hampton: NASA- TP2791, 1988

Maurizio P, Domenic D A. Numerical instabilities in up

wind methods: analysis and cures for the “

carbuncle’ phe
nomenon|J |.
166: 271-301
Kim H K, Kim C, Rho O H. Accurate computations of
hypersonic flows using AUSM PW +

ATAA- 1998-2442

Journal of Computational Physics, 2001,

scheme and shock &

ligned grid technique| R].



